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(54) Motor-driven bicycle 



(57) The invention provides a motor-driven bicycle 
including an automatic gear shifter, which is capable of 
improving a shift feeling upon gear-shift and controlling 
a self-running power of a drive motor determined on the 
basis of an amount of a self-running operation by a driv- 
er as a function of a braking state and a vehicle speed. 
To achieve this, a motor-driven bicycle includes a drive 
motor M for generating a self-running power in response 
to a self -running operation by a driver, a gear shifter con- 
nected between the drive motor M and a drive wheel, 
and means for detecting a vehicle speed. This motor- 



driven bicycle further includes a self-running reference 
duty ratio map 201 for determining a self-running power 
to be generated by the drive motor M, that is, a duty ratio 
of an AC exciting current to be supplied to the drive mo- 
tor M on the basis of an operated amount of a self-run- 
ning operation by a driver, a gear step of the gear shifter, 
and a vehicle speed. In the self-running reference duty 
ratio map 201 , a reference duty ratio Dref I of a drive cur- 
rent to be supplied to the drive motor M at the time of 
self-running is previously registered as a function of a 
throttle angle 0 th detected by a throttle opening sensor 
15. 
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Description 

[0001 ] The present invention relates to a motor-driven 
bicycle including a drive motor for generating a self-run- 
ning power in response to an operated amount of a self- 5 
running operation by a driver and an automatic gear 
shifter, and particularly to the motor-driven bicycle ca- 
pable of obtaining a desirable gear-shift feeling upon au- 
tomatic gear-shift. 

[0002] Unlike a motor-assisted bicycle, called an as- 10 
sist bicycle, including an electric motor for generating 
an assisting power in response to a leg-power inputted 
to a crank shaft, wherein a synthetic power of the leg- 
power and assisting power is transmitted to a drive 
wheel, a motor-driven bicycle including a drive motor for is 
generating a self-running power in response to, typical- 
ly, an opening degree of a throttle lever has been pro- 
posed, for example, in Japanese Patent Laid-open No. 
Hei 9-263289. 

[0003] A motor-driven bicycle, including a stepping 20 
gear shifter different from a continuous variable trans- 
mission mounted on a conventional motor-driven scoot- 
er or the like and an actuator of the stepping gear shifter, 
has a technical problem that if a difference occurs be- 
tween output torques at adjacent two of gear steps be- 25 
fore and after gear-shift, a desirable gear-shift feeling 
cannot be obtained. 

[0004] A first object of the present invention is to solve 
the above-described problem of the prior art motor-driv- 
en bicycle, and to provide a motor-driven bicycle capa- 30 
ble of obtaining a desirable gear-shift feeling upon au- 
tomatic gear-shift. 

[0005] In the above prior art motor-driven bicycle, 
since it is not required to generate a self-running power 
in a state in which a brake lever is being operated during 35 
running of the vehicle, the self-running power is limited 
during operation of the brake lever for keeping the 
stored energy; however, since the motor-driven bicycle 
is heavier than a conventional bicycle, at the time of 
start-up of the vehicle on a slope for example, a self- 40 
running power is generated by operating a throttle lever 
from the state in which the brake lever is being operated 
for smoothening the start-up of the vehicle. 
[0006] In the prior art motor-driven bicycle, however, 
since the drive motor is not controlled on the basis of a 45 
braking operation and a vehicle speed, there may occur 
inconvenience that the drive motor may generate a self- 
running power although brake operation is being per- 
formed during running of the vehicle or the drive motor 
may be difficult to generate, at the time of start-up of the 50 
vehicle, a self-running power from the braking state so 
as to smoothen the start-up of the vehicle. 
[0007] A second object of the present invention is to 
solve the above-described prior art problems, and to 
provide a motor-driven bicycle capable of controlling a 55 
self-running power of a drive motor determined on the 
basis of an amount of a self-running operation by a driv- 
er as a function of a braking state and a vehicle speed. 
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[0008] To achieve the above object, according to the 
present invention, there is provided a motor-driven bi- 
cycle including a drive motor for generating a self-run- 
ning power in response to a self-running operation by a 
driver, a gear shifter connected between the drive motor 
and a drive wheel, and means for detecting a vehicle 
speed, characterized in that the motor-driven bicycle 
further includes self-running power determining means 
for determining a self-running power to be generated by 
the drive motor on the basis of an operated amount of 
the self-running operation, a gear step of the gear-shift- 
er, and a vehicle speed. 

[0009] With the above- described feature, since a self- 
running power to be generated by the drive motor can 
be finely set to an optimum value on the basis of the 
operated amount of a self-running operation, a gear- 
step of the gear shifter, and a vehicle speed, it is possible 
to make output torques at adjacent two of gear steps 
before and after gear-shift correspond to each other up- 
on gear-shift, and hence to obtain a desirable shift feel- 
ing. 

[0010] To achieve the second object, according to the 
present invention, there is provided a motor-driven bi- 
cycle including a drive motor for generating a self-run- 
ning power in response to an amount of a self-running 
operation by a driver, characterized in that the bicycle 
includes during-braking control means for controlling 
the self-running power on the basis of a braking opera- 
tion and a vehicle speed. 

[001 1 ] With the above-described feature, since a self- 
running power determined on the basis of an amount of 
a self-running operation by a driver can be controlled by 
a braking operation and a vehicle speed, the self-run- 
ning power at the time of braking operation can be op- 
timized. 

[0012] The present invention exhibits the following ef- 
fects: 

(1) Since a self-running power to be generated by 
the drive motor can be set to an optimum value with 
the operated amount of a self-running operation, a 
gear step of the gear shifter, and a vehicle speed 
taken as parameters, it is possible to make output 
torques at adjacent two of gear steps before and 
after gear-shift correspond to each other upon gear- 
shift, and hence to obtain a desirable shift feeling. 

(2) Since a vehicle speed is detected on the basis 
of a detection signal of the sensor provided for de- 
tecting a rotational speed of the crank pedals, it is 
possible to eliminate the need of provision of a ve- 
hicle speed sensor. 

(3) Since a vehicle speed is detected on the basis 
of a rotational speed of the drive motor and a gear 
step of the gear shifter, it is possible to eliminate the 
need of provision of a vehicle speed sensor. 
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(4) Since a gear step of the gear shifter is detected 
on the basis of a rotational speed of the drive motor 
and a vehicle speed, it is possible to eliminate the 
need of provision of a vehicle speed sensor. 

(5) Since a target value of self-running output of the 
drive motor determined in response to the operated 
amount of a self-running operation is obtained from 
the mapping table, it is possible to easily perform 
the setting of the target value, the change thereof, 
and the like. 

(6) Since a self-running power determined on the 
basis of an amount of a self-running operation by a 
driver can be controlled on the basis of the presence 
or absence of braking operation and a vehicle 
speed, the self-running power at the time of braking 
operation can be optimized. 

(7) Since the drive motor is allowed to generate, 
when a braking operation is detected during running 
of the vehicle, a drive force being small enough to 
bring about a state in which no load is apparently 
applied to the drive motor, it is possible to prevent 
useless power consumption due to operation of the 
drive motor during braking operation. Further, since 
the drive motor does not cause any rotational load 
even during braking operation, it is possible to ob- 
tain a natural brake feeling corresponding to an op- 
erated amount of the brake. 

(8) Since the drive motor is allowed to generate, 
when a self-running operation is performed in a ve- 
hicle stoppage state in which braking operation is 
being performed, a drive force corresponding to an 
amount of the self-running operation, it is possible 
to prevent "slip-down" of the vehicle upon start-up 
of the vehicle on a slope. 

(9) Since a self-running power generated by the 
drive motor is, when a self-running operation is per- 
formed in a vehicle stoppage state in which braking 
operation is being performed, gradually increased 
up to a value corresponding to an amount of the 
self-running operation, it is possible to obtain 
smooth acceleration feeling. 

[0013] Hereinafter, the present invention will be de- 
scribed in detail with reference to the accompanying 
drawings. 

[0014] Fig. 1 is a view showing a configuration of a 
motor-driven bicycle to which the present invention is 
applied. 

[001 5] Fig. 2 is a block diagram of a controller shown 
in FIG. 1. 

[0016] Fig. 3 is a flow chart showing an operation of 
the controller. 

[0017] Fig. 4 is a flow chart showing a rapid acceler- 



ation suppressing control. 

[0018] Fig. 5 is a flow chart showing a gear-shift con- 
trol. 

[0019] Fig. 6 is a flow chan showing a motor output 
5 limiting control. 

[0020] Fig. 7 is a view showing a gear-shift control 
method upon shift-up from the "second speed" to the 
"third speed". 

[0021] Fig. 8 is a view showing a gear-shift control 
io method upon shift-down from the "second speed" to the 
•first speed". 

[0022] Fig. 9 is a view showing a gear-shift control 
method upon shift-up from the "first speed" to the "sec- 
ond speed". 

15 [0023] Fig. 1 0 is aview showing a method of setting a 
gear-shift vehu le speed Vch23 between the "second 
speed" and the "third speed". 

[0024] Fig. 11 is a view showing a method of setting 
a gear-shift vehicle speed Vchl2 between the "first 

20 speed" and the "second speed". 

[0025] Fig. 12 is a block diagram of another embodi- 
ment of the controller shown in FIG. 1 . 
[0026] FIG. 1 is a view showing a configuration of a 
motor-driven bicycle to which the present invention is 

25 applied. In this figure, parts not necessary for descrip- 
tion of the present invention are omitted. 
[0027] Like a conventional bicycle, a handlebar 1 0 in- 
cludes at its left end portion a brake lever 11 for a rear 
wheel and at its right end portion a brake lever 13 for a 

30 front wheel. The handlebar 1 0 also includes in the vicin- 
ities of fulcrums of the brake levers 11 and 13 brake 
switches 12 and 14 for detecting operational states of 
the brake levers 11 and 13 and outputting during-brak- 
ing signals SB. The handlebar 10 further includes at its 

35 right end portion a throttle lever 1 6 as self-running input 
means for indicating generation of a self-running power 
to a drive motor M (which will be described later), and a 
throttle opening sensor 1 5 for detecting an operated an- 
gle 6th as an operated amount. 

40 [0028] A body frame has at its central portion a power 
unit 2 for selectively carrying out "self-running" by the 
drive motor M and "assist-running" for assisting a leg 
power by a drive force of the drive motor M. A leg-power 
inputted to a crank shaft 30 from left and right crank ped- 

45 als 38L and 38R is transmitted via a one-way clutch 26 
to a large-diameter gear 36 coaxially connected to the 
crank shaft 30, and is further transmitted via a first idle 
shaft 35 to an output shaft 34. The one-way clutch 26 
allows transmission of a rotational force from the crank 

50 shaft 30 to the large-diameter gear 36, and prohibits 
transmission of a rotational force from the large-diame- 
ter gear 36 to the crank shaft 30. 

[0029] A drive force generated by the drive motor M 
is transmitted via a second idle shaft 36 to an idle gear 
55 37. The idle gear 37 is connected via a one-way clutch 
29 to the first idle shaft 35. The drive force having been 
transmitted to the idle gear 37 is transmitted via the first 
idle shaft 35 to the output shaft 34. One end of the output 
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shaft 34 is exposed to the outside of the power unit 2, 
and a drive sprocket 32 is connected to the exposed end 
of the output shaft 34. 

[0030] A motor rotation sensor 25 detects a rotational 
speed NM of the drive motor M. A temperature sensor 
24 detects a temperature TM of the drive motor M. A 
leg-power sensor 23 detects a leg-power inputted to the 
crank shaft 30. A crank pedal rotation sensor 22 detects 
a rotational speed of the crank pedals 38 (38L, 38R) on 
the basis of the rotational speed of the large- diameter 
gear 36. A current sensor 27 detects a drive current IM 
of the drive motor M. Output signals of the above-de- 
scribed sensors are inputted to a controller 20. 
[0031] A driven sprocket 33 and a four-step gear shift- 
er 19 are provided on an axle of a rear wheel 31 as a 
drive wheel. The drive sprocket 32 of the output shaft 
34 is connected to the driven sprocket 33 via a chain 39. 
An automatic gear-shift actuator 1 7 outputs a gear-shift 
step signal DG representative of a gear-shift step in re- 
sponse to a gear-shift command SG outputted from the 
controller 20. The gear shifter 19 is driven on the basis 
of the gear-shift step signal DG. A rotational speed V of 
the rear wheel 31 is detected by a vehicle speed sensor 
1 8, and a signal of the vehicle speed sensor 1 8 is input- 
ted to the controller 20. 

[0032] FIG. 2 is a block diagram showing a configu- 
ration of a main portion of the controller 20. In this figure, 
the same characters as those shown in FIG. 1 designate 
the same or similar parts. 

[0033] In a self-running reference duty ratio map 201 , 
a reference duty ratio Drefl of a drive current I M to be 
supplied to the drive motor M upon self-running is pre- 
viously registered in the form of a mapping table with 
the throttle opening angle 0th detected by the throttle 
opening sensor 15, the vehicle speed V, and a gear step 
G taken as parameters. 

[0034] In an assist- running reference duty ratio map 
202, a reference duty ratio Dref2 of the drive current IM 
to be supplied to the drive motor M upon assist-running 
is previously registered in the form of a mapping table 
with the leg-power F detected by the leg-power sensor 
23 and the vehicle speed V detected by the vehicle 
speed sensor 18 taken as parameters. 
[0035] It should be noted that in place of detection of 
the vehicle speed V by the vehicle speed sensor 18, the 
vehicle speed V may be detected, by a vehicle speed 
detecting portion 21 3 additionally provided, on the basis 
of the gear-shift step signal DG, which is representative 
of the gear-shift step G and which is outputted from the 
automatic gear-shift actuator 1 7, and the motor rotation- 
al speed. 

[0036] An acceleration detecting portion 203 detects 
an acceleration AV on the basis of a rate of change in 
vehicle speed V with elapsed time. A gear step deciding 
portion 204 decides the present gear step G on the basis 
of the detected vehicle speed V and motor rotational 
speed NM. A rapid acceleration suppressing control 
portion 205 compares the detected acceleration AV with 
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a reference acceleration AVref, and instructs, if the de- 
tected acceleration AV is more than the reference ac- 
celeration AVref, a duty ratio correcting portion 208 
(which will be described later) to correct a duty ratio so 

5 as to suppress rapid acceleration. 

[0037] Referring to a gear shifting vehicle speed (Vch) 
data table 206a, a gear-shift control portion 206 decides, 
on the basis of the detected acceleration AV and vehicle 
speed V and the present gear step G decided by the 

10 gear step deciding portion 204, whether or not the 
present running state is a gear-shift timing state. The 
decided result is supplied to the duty ratio correcting por- 
tion 208 and is also outputted to the gear-shift actuator 
17. 

15 [0038] A non-riding self-running deciding portion 207 
decides, on the basis of the present gear step G and 
motor rotational speed NM, whether or not the present 
self-running operation is performed in the driver's non- 
riding state. If it is decided that the self-running opera- 
te tion is performed in the driver's non-riding state, a hand- 
pushing drive control portion 211 instructs the duty ratio 
correcting portion 208 to correct a duty ratio so as to 
generate a self-running power corresponding to a walk- 
ing speed. 

25 [0039] A during-braking control portion 210 instructs 
the duty ratio correcting portion 208 to correct a duty 
ratio so as to control a self-running power on the basis 
of the presence or absence of a braking operation and 
the vehicle speed V. To be more specific, if the on-states 

30 of the brake switches 1 2 and 1 4 are detected during run- 
ning of the vehicle, the during-braking control portion 
21 0 instructs the duty ratio correcting portion 208 to cor- 
rect a duty ratio so as to allow the drive motor M to gen- 
erate a drive force being small enough to bring about a 

35 state in which no load is apparently applied to the drive 
motor M. Meanwhile, if a self-running operation is per- 
formed in a vehicle stoppage state in which the brake 
switches 12 and 14 are in the on-states, the during-brak- 
ing control portion 21 0 instructs the duty ratio correcting 

40 portion 208 to correct a duty ratio so as to allow the drive 
motor M to generate a drive force corresponding to an 
operated amount of the self-running operation. 
[0040] A motor output limiting portion 209 monitors an 
operational state of the drive motor M on the basis of 

45 the drive current IM of the drive motor M detected by the 
current sensor 27 and the temperature TM of the drive 
motor M detected by the temperature sensor 24, and 
instructs, if the drive motor M is in a severe operational 
state, the duty ratio correcting portion 208 to correct a 

50 duty ratio so as to limit the self-running power. 

[0041] The duty ratio correcting portion 208 corrects, 
as will be described in detail later, the reference duty 
ratio Drefl or Dref2 obtained from the duty ratio map 
201 or 202 on the basis of the instructions supplied from 

55 the rapid acceleration suppressing control portion 205, 
the gear-shift control portion 206, the hand-pushing con- 
trol portion 211 , the during-braking control portion 210, 
and the motor output limiting portion 209, and outputs 
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the corrected result as a target duty ratio DM. 
[0042] A method of controlling the drive motor M upon 
self-running by the controller 20 will be described with 
reference to a flow chart shown in FIG. 3. 
[0043] I n step S11 , an opening angle 9th of the throttle 
lever 16 is detected as an operated amount of the self- 
running operation by the throttle opening sensor 15; a 
vehicle speed V is detected by a vehicle speed sensor 
18; and a rotational speed NM of the drive motor M is 
detected by the motor rotation sensor 25. In step S12, 
an acceleration AV is calculated on the basis of the ve- 
hicle speed V detected in step S11 by the acceleration 
detecting portion 203. In step S13, the present gear step 
G is decided on the basis of a correlation between the 
vehicle speed V and the motor rotational speed NM by 
the gear step deciding portion 204. It should be noted 
that the present gear step G may be decided on the ba- 
sis of the gear-shift step signal DG outputted from the 
automatic gear-shift actuator 17. 

[0044] In step S1 4, a drive current I M of the drive mo- 
tor M is detected by the current sensor 27, and a tem- 
perature TM of the drive motor M is detected by the tem- 
perature sensor 24. In step S15, a reference duty ratio 
Drefl upon self-running is retrieved from the duty ratio 
map 201 for self-running on the basis of the throttle 
opening angle G th and vehicle speed V detected in step 
S11 and the present gear step G decided in step S13. 
[0045] In step S16, on the basis of the states of the 
brake switches 12 and 14, it is decided by the during- 
braking control portion 21 0 whether or not a braking op- 
eration has been performed. If it is decided that the brak- 
ing operation has not been performed, the process goes 
on to step S1 7. In step S1 7, on the basis of an increase 
ratio ANM of the motor rotational speed NM , it is decided 
by the non-riding self-running deciding portion 207 
whether or not the driver has operated the throttle lever 
16 in the driver's non-riding state. If the increase ratio 
ANM of the motor rotational speed NM is a reference 
increase ratio ANref or more, it is decided that the driver 
has operated the throttle lever 16 in the driver's non- 
riding state, and the process goes on to step S24. If the 
increase ratio ANM is less than the reference increase 
ratio ANref, it is decided that the driver has operated the 
throttle lever 1 6 in the driver's riding state, and the proc- 
ess goes on to step S18. 

[0046] The parameter for deciding whether or not the 
driver has operated the throttle lever 16 in the driver's 
non-riding state is not limited to the above-described in- 
crease ratio ANM of the motor rotational speed NM. For 
example, the acceleration AV may be used as the deci- 
sion parameter. In this case, if the acceleration AV is 
larger than a reference acceleration, it may be decided 
that the driver has operated the throttle lever 1 6 in the 
driver's non-riding state. Alternatively, a change ratio of 
the drive current of the drive motor M may be used as 
the decision parameter. In this case, if the change ratio 
of current is larger than a reference change ratio of cur- 
rent, it may be decided that the driver has operated the 
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throttle lever 16 in the driver's non-riding state. 
[0047] In this way, according to this embodiment, it is 
decided, on the basis of the increase ratio of the motor 
rotational speed, acceleration of the vehicle, or the 
5 change ratio of a drive current of the drive motor, wheth- 
er or not the self-running operation is performed in the 
driver's non-riding state, and accordingly, it is possible 
to eliminate the need of providing a sensor or a switch 
for detecting the driver's non-riding state. 

10 [0048] In step S18, a routine of "rapid acceleration 
suppressing control" for ensuring a sufficient accelera- 
tion performance while suppressing rapid acceleration 
is executed. 

[0049] FIG. 4 is a flow chart indicating a control con- 
15 tent of the "rapid acceleration suppressing control". The 
control content is determined such that an acceleration 
corresponding to an operated amount of the throttle le- 
ver 16 can be obtained irrespective of a road surface 
state, a deadweight, and the like by controlling a self- 
20 running power of the drive motor M on the basis of a 
correlation between an operated amount of the throttle 
lever 16 and an acceleration. 

[0050] In step S181, the present acceleration AV is 
compared with a reference acceleration AVref by the 

25 rapid acceleration suppressing control portion 205. If the 
acceleration AV is more than the reference acceleration 
AVref, it is decided that the vehicle is in the rapid accel- 
eration state, and the process goes on to step S182. In 
step S182 : the reference duty ratio Drefl retrieved from 

30 the duty ratio map 201 upon self-running is multiplied by 
a correction coefficient smaller than "1 " by the duty ratio 
correcting portion 208, and the calculated result is taken 
as a target duty ratio DM. 

[0051] In this embodiment, the correction coefficient 
35 is defined as "O^ 1 ", and the initial value of the exponent 
kl is set to "1". Accordingly, in the initial state, a value 
being 0.9 times the reference duty ratio Drefl decided 
by the map 201 is registered as the target duty ratio DM . 
In step S 1 83, the value of the exponent kl is incremented 
40 by "1". In step S184, a rapid acceleration suppressing 
flag F1 is set to "1". 

[0052] After that, since the above steps are repeated 
to increase the value of the exponent k1 until it is decid- 
ed in step S1 81 that the acceleration AV is less than the 
45 reference acceleration AVref, the target duty ratio DM is 
gradually reduced depending on the value of the expo- 
nent k1 . 

[0053] If it is decided in step S1 81 , as a result of grad- 
ually reducing the target duty ratio DM, that the accel- 

so eration AV is less than the reference acceleration AVref, 
the process goes on to step S185 in which it is decided 
that the rapid acceleration suppressing flag F1 is "1". If 
it is decided that the flag F1 is set to "1", the process 
goes on to step S1 86 in which the duty ratio having been 

55 gradually reduced in step S182 is gradually increased. 
[0054] In step S1 86, the present target duty ratio DM 
is multiplied by a correction coefficient smaller than "1", 
and the calculated result is taken as a new target duty 
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ratio DM. In this embodiment, the correction coefficient 
is defined as a value of "0.9 k2 ", and the initial value of 
the exponent k2 is set to "5". In the initial state, a value 
being 0.59 (= 0.95) times the target duty ratio DM is tak- 
en as a target duty ratio DM. 

[0055] In step S1 87, it is decided whether or not the 
exponent k2 is reduced to "0". Since the exponent k2 is 
"5" in the initial state, the process goes on to step S1 88. 
In step S1 88, the value of the exponent k2 is decrement- 
ed by "1 ". If it is decided in step S1 87 that the exponent 
k2 is "0", the process goes on to step S1 89 in which the 
rapid acceleration suppressing flag F1 is reset, thereby 
ending the routine of "rapid acceleration suppressing 
control" shown in FIG. 4. 

[0056] Inthisway, according to this embodiment, ifthe 
acceleration AV is more than the reference acceleration 
AVref , the correction coefficient is, in step S1 82, gradu- 
ally reduced for gradually reducing the target duty ratio 
DM, and thereafter, if the acceleration AV is less than 
the reference acceleration AVref, the correction coeffi- 
cient is, in step S186, gradually increased for gradually 
increasing the target duty ratio DM, thereby compensat- 
ing for the above-described gradually reduced amount 
of the target duty ratio DM. Accordingly, it is possible to 
obtain a sufficient acceleration performance while sup- 
pressing rapid acceleration. 

[0057] Referring again to FIG. 3, in step S19, it is de- 
cided by the gear-shift control portion 206 whether or 
not automatic gear-shift should be performed. If an ab- 
solute value of a difference between the present vehicle 
speed V and a gear-shift vehicle speed Vch stored in 
the gear-shift vehicle speed data table 206a for each 
gear step is less than a reference speed VA, the process 
goes on to step S20 in which a "gear-shift control" is 
executed for automatic gear-shift. As the gear-shift ve- 
hicle speed Vch, a gear-shift vehicle speed Vch12 indi- 
cating a gear-shift timing between "first speed"/ "second 
speed", a gear-shift vehicle speed Vch23 indicating a 
gear-shift timing between "second speed"/ "third 
speed", and a gear-shift vehicle speed Vch34 indicating 
a gear-shift timing between "third speedVfourth speed" 
are registered. Either of the gear-shift vehicle speeds 
Vch 12, Vch23, and Vch34 is selected on the basis of 
the present gear step G. 

[0058] FIG. 5 is a flow chart indicating the routine of 
the "gear-shift control", which mainly shows the opera- 
tion of the gear-shift control portion 206. 
[0059] In step S201 , it is decided whether or not a var- 
iation in torque caused by gear-shift is increased or de- 
creased. For example, upon shift-up from the "second 
speed" to the "third speed", as shown in FIG. 7, atorque 
at the "third speed" is larger than that of the "second 
speed" at the gear-shift vehicle speed Vch23, and ac- 
cordingly, it is decided in step S201 that the torque is 
increased after gear-shift, and the process goes on to 
step S202. Similarly, upon shift-down from the "second 
speed" to the "first speed", as shown in FIG. 8, a torque 
at the "first speed" is larger than that of the "second 
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speed" at the gear-shift vehicle speed Vchl2, and ac- 
cordingly, it is decided in step S201 that the torque is 
increased after gear-shift and the process goes on to 
step S202. 

5 [0060] In step S202, referring to the gear-shift vehicle 
speed data table 206a, the gear-shift control portion 206 
decides whether or not the present vehicle speed V 
reaches a predetermined gear-shift vehicle speed Vch 
corresponding to the present gear step. Here, if it is de- 

10 cided that, as shown in FIG. 7, the vehicle speed V 
reaches the gear-shift vehicle speed Vch23 during run- 
ning at the "second speed" and thereby the timing of 
shift-up to the "third speed" comes, the process goes on 
to step S203 in which the gear-shift actuator 1 7 is driven 

15 for gear-shift (shift-up). In step S204, the present target 
duty ratio DM h multiplied by a correction coefficient 
smaller than "1", and the calculated result is taken as a 
new target duty ratio DM. 

[0061] According to this embodiment, the correction 

20 coefficient is defined as "0.9 k3 '\ and the initial value of 
the exponent k3 is set to "5". Accordingly, in the initial 
state, a value being 0.59 times (= 0.95) the present tar- 
get duty ratio DM is taken as a target duty ratio DM. As 
a result, as shown in FIG. 7, a torque immediately after 

25 shift-up to the "third speed" is lowered to the same level 
as that of a torque at the "second speed", with a result 
that it is possible to obtain a desirable shift feeling. 
[0062] In step S205, it is decided whether or not the 
exponent k3 is "0". Since the exponent k3 is "5" in the 

30 initial state, the process goes on to step S207 in which 
the exponent k3 is decremented by "1". 
[0063] After that, the above-described steps are re- 
peated, to gradually reduce the value of exponent k3, 
thereby gradually reducing the target duty ratio DM. Ac- 

35 cordingly, as shown in FIG. 7, a self-running power of 
the drive motor M is rapidly reduced at the gear-shift 
vehicle speed Vch23, and then gradually increased to 
be returned to the original target duty ratio DM, thereby 
obtaining a proper torque corresponding to the gear 

40 step. 

[0064] Similarly, as shown in FIG. 8, even in the case 
where the vehicle speed V is lowered to the gear-shift 
vehicle speed Vch12 during running at the "second 
speed" to be thus shifted down to the 'first speed", the 

45 target duty ratio DM is reduced such that a torque im- 
mediately after shift-down to the "first speed" is reduced 
to the same level as that of a torque at the "second 
speed", and then the target duty ratio DM is gradually 
increased to be returned to the original target duty ratio 

50 DM, thereby obtaining a desirable shift feeling. 

[0065] On the other hand, upon shift-up from the "first 
speed" to the "second speed", as shown in FIG. 9, since 
a torque at the "second speed" is smaller than a torque 
at the "first speed" at the gear-shift vehicle speed Vch 1 2 , 

55 it is decided in step S201 that the torque is reduced after 
gear-shift, and the process goes on to step S208 in 
which it is decided whether or not the present vehicle 
speed V reaches a predetermined gear-shift vehicle 
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speed Vch1 2. If it is decided that the vehicle speed does 
not reach the gear-shift vehicle speed Vch12, the proc- 
ess goes on to step S209 in which the present target 
duty ratio DM is multiplied by a correction coefficient 
smaller than "1" and the calculated result is taken as a 
new target duty ratio DM. 

[0066] In this embodiment, the correction coefficient 
is defined as "0.9 k4 ", and the initial value of the exponent 
k4 is set to "1". Accordingly, in the initial state, a value 
being 0.9 times the present target duty ratio DM is taken 
as a target duty ratio. In step S210, the exponent k4 is 
incremented by "1". 

[0067] After that, the above-described steps are re* 
peated until it is decided in step S208 that the vehicle 
speed V reaches the gear-shift vehicle speed Vch12, 
whereby the target duty ratio DM is gradually reduced 
according to the value of the exponent k4. Accordingly, 
as shown in FIG. 9, the torque is gradually reduced. 
[0068] If it is decided in step S208 that the vehicle 
speed V reaches the gear-shift vehicle speed Vch12, 
the process goes on to step S21 1 in which the gear-shift 
actuator is driven for gear-shift. At this time, according 
to this embodiment, since a torque at the "first speed" 
is reduced to the same level as that of a torque at the 
"second speed" as shown in FIG. 9, that is, no difference 
in output torque lies between before and after gear-shift, 
it is possible to obtain a desirable shift feeling. In step 
S212, the exponent k4 is set to "1", thereby completing 
the routine of the "gear-shift control" shown in FIG. 5. 
[0069] In the above description, to improve the shift 
feeling upon gear-shift the duty ratio of a current sup- 
plied to the drive motor M is corrected such that torques 
of adjacent two of gear steps before and after gear-shift 
are made to substantially correspond to each other, the 
present invention is not limited thereto. For example, as 
shown in FIGS. 1 0 and 11 , the gear-shift vehicle speed 
Vch, typically, Vch12 orVch23 may be set to a speed at 
which torque curves of adjacent two of gear steps before 
and after gear-shift intersect each other, or a neighbor- 
hood of the speed. With this configuration, it is also pos- 
sible to improve the shift feeling upon gear-shift. 
[0070] Referring again to FIG. 3, in step S23, a routine 
of "motor output limiting control" for preventing a severe 
operation of the drive motor is executed. The "motor out- 
put limiting control" will be described below with refer- 
ence to a flow chart shown in FIG. 6. 
[0071] Instep S231 , on the basis of a motor drive cur- 
rent IM detected by the current sensor 27 and the 
present target duty ratio DM, the present output Pout of 
the drive motor M is calculated. In step S232, the 
present output Pout of the drive motor M is compared 
with a specific maximum output Pmax. The maximum 
output Pmax is preferably set to a value being about two 
times the maximum rating of the drive motor M and is, 
in this embodiment, set to a value being 1 .5 times the 
maximum rating. 

[0072] Here, if it is decided in step S232 that the 
present output Pout is equal to or more than the maxi- 
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mum output Pmax, the process goes on to step S233 in 
which the target duty ratio DM is set to a specific maxi- 
mum value Dmax. In step S234, a temperature TM of 
the drive motor M detected by the temperature sensor 
5 24 is compared with a reference temperature Tref. In 
this embodiment, the reference temperature Tref is set 
to 90°C. 

[0073] Here, if the temperature TM is the reference 
temperature Tref or more, the process goes on to step 

10 S235 in which the present target duty ratio DM is multi- 
plied by a correction coefficient smaller than "1 " and the 
calculated result is taken as a new target duty ratio DM. 
In this embodiment, the correction coefficient is defined 
as "0.5 k5 " t and the initial value of the exponent k5 is set 

15 to "1". Accordingly, a value being 0.5 times the present 
target duty ratio DM is taken as a target duty ratio DM. 
In step S236, the exponent k5 is incremented by "1". 
[0074] On the other hand, if it is decided in step S234 
that the temperature TM is less than the reference tem- 

20 perature Tref, the process goes on to step S236 in which 
the exponent k5 is set to the initial value "1". 
[0075] In this way, according to this embodiment, 
since the output of the drive motor M is limited and also 
if the temperature of the drive motor M is increased, the 

25 target duty ratio DM is gradually reduced, it is possible 
to prevent a severe operation of the drive motor M . Also, 
since the upper limit of the output of the drive motor M 
lies within a range being two times the rating of the drive 
motor M, it is possible to obtain a self-running power 

30 from the drive motor M without a severe operation of the 
drive motor M. 

[0076] Referring again to FIG. 3, in step S25, a control 
of a current of the drive motor M based on the target 
duty ratio thus determined is executed. 

35 [0077] Additionally, if it is decided in step S1 6 whether 
or not either of the brake switches 12 and 14 is in the 
on-state, that is, the vehicle is on braking, the process 
goes on to step S21 . In step S21 , it is decided, on the 
basis of the vehicle speed V, whether or not the vehicle 

40 is on running. 

[0078] Here, if the vehicle speed V is larger than "0", 
it is decided in step S21 that the vehicle is on running, 
and the process goes on to step S22. In step S22, a 
value being 20% (or which may be 0%) of the present 

45 target duty ratio DM, or a value being 20% (or which 
may be 0%) of the maximum value Dmax of the target 
duty ratio is set as a target duty ratio DM for allowing 
the drive motor M to generate a drive force being small 
enough to bring about a state in which no load is appar- 

50 ently applied to the drive motor M. 

[0079] If it is decided in step S21 that the vehicle is on 
stoppage, the process goes on to step S186 of the 
above-described routine of "rapid acceleration sup- 
pressing control" shown in FIG. 4. As a result, the target 

55 duty ratio DM is rapidly reduced, and then gradually in- 
creased. 

[0080] In this way, according to this embodiment, if a 
self-running operation is performed in a stoppage state 
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of the vehicle with braking actuated, a self-running pow- 
er to be generated by the drive motor is gradually in- 
creased to a value corresponding to an operated 
amount of self -running, it is possible to prevent "slip- 
down" of the vehicle upon start-up of the vehicle on a 
slope. 

[0081] It is decided in step S17 that the vehicle is in 
the driver's non-riding state, the process goes on to step 
S24. In step S24, to allow the drive motor M to generate 
a self-running power optimum for hand-pushing drive of 
the vehicle, a value being 20% of the presenttarget duty 
ratio DM, or a value being 20% of the maximum value 
Dmax of the target duty ratio is set as a new target duty 
ratio DM. 

[0082] In this way, according to this embodiment, 
since a self-running power matched to a walking speed 
can be generated by using the self-running operation 
input means (throttle lever 1 6) for generating a usual 
self-running power, the motor-drive bicycle in this em- 
bodiment is allowed to achieve a self-running function 
matched to a walking speed without provision of a plu- 
rality of self-running operation input means. 
[0083] Further, according to this embodiment, it is de- 
cided whether or not a self-running operation is per- 
formed in the driver's non-riding state, and a self-run- 
ning power matched to a walking speed is generated 
only when it is decided that the self-running operation 
is performed in the driver's non- riding state, and accord- 
ingly, it is possible to eliminate an inconvenience that a 
self-running power matched to a walking speed is out- 
putted in the driver's riding state. 
[0084] In the above-described embodiment, the rota- 
tional speed of the drive wheel 31 is directly detected by 
the vehicle speed sensor 18 and the vehicle speed V is 
detected on the basis of the rotational speed of the drive 
wheel 31 ; however, the present invention is not limited 
thereto. For example, the vehicle speed V may be cal- 
culated on the basis of the rotational speed NM of the 
drive motor M detected by the motor rotation sensor 25 
and the gear step G. Alternatively, the vehicle speed V 
may be calculated on the basis of the rotational speed 
of the crank pedals 38 detected by the crank pedal ro- 
tation sensor 22 and the gear step G. 
[0085] I n the above-described embodiment, the refer- 
ence duty ratio Drefl of the drive current IM to be sup- 
plied to the drive motor M during self-running is regis- 
tered, in the self-running reference duty ratio map 201 , 
as the function of the throttle opening angle 6th, the ve- 
hicle speed V, and the gear step G; however, the present 
invention is not limited thereto. For example, as shown 
in FIG. 1 2, only a relationship between the reference du- 
ty ratio Drefl and the throttle opening angle Gth may be 
registered, as a map, in the self-running reference duty 
ratio map 201, and the reference duty ratio Drefl re- 
trieved on the basis of the throttle opening angle Gth may 
be suitably corrected on the basis of the vehicle speed 
V and the gear step G by the correcting portion 213. 
[0086] The invention provides a motor-driven bicycle 



including an automatic gear shifter, which is capable of 
improving a shift feeling upon gear-shift and controlling 
a self-running power of a drive motor determined on the 
basis of an amount of a self-running operation by a driv- 

5 er as a function of a braking state and a vehicle speed. 
To achieve this, a motor-driven bicycle includes a drive 
motor M for generating a self -running power in response 
to a self-running operation by a driver, a gearshifter con- 
nected between the drive motor M and a drive wheel, 

10 and means for detecting a vehicle speed. This motor- 
driven bicycle further includes a self-running reference 
duty ratio map 201 for determining a self-running power 
to be generated by the drive motor M, that is, a duty ratio 
of an AC exciting current to be supplied to the drive mo- 

15 tor M on the basis of an operated amount of a self-run- 
ning operation by a driver, a gear step of the gear shifter, 
and a vehicle speed. In the self-running reference duty 
ratio map 201 , a reference duty ratio Drefl of a drive cur- 
rent to be supplied to the drive motor M at the time of 

20 self -running is previously registered as a function of a 
throttle angle 0th detected by a throttle opening sensor 
1 5. A during-braking control portion 210 decides wheth- 
er or not braking operation is performed on the basis of 
the states of brake switches 1 2 and 1 4, and receives a 

25 vehicle speed V detected by a vehicle speed sensor 18. 
A duty ratio correcting portion 208 corrects the reference 
duty ratio Drefl obtained from the duty ratio map 201 on 
the basis of a control signal from the during-braking con- 
trol portion 210. 

30 

Claims 

1. A motor-driven bicycle including a drive motor (M) 
35 for generating a self-running power in response to 

a self-running operation by a driver, a gear shifter 
(1 9) connected between said drive motor (M) and a 
drive wheel (31 ), and means for detecting a vehicle 
speed, characterized in that 

40 said motor-driven bicycle further includes 

self-running power determining means (20) for de- 
termining a self-running power to be generated by 
said drive motor on the basis of an operated amount 
of the self-running operation, a gear step of said 

45 gear-shifter, and a vehicle speed (V). 

2. A motor-driven bicycle according to claim 1 , further 
including: 

50 crank pedals (38L,R) 

an output shaft (34) to which a drive force gen- 
erated by said drive motor (M) is transmitted; 
a rotator (36) connected between said crank 
pedals and said output shaft, said rotator being 

55 allowed to receive a leg-power inputted from 

said crank pedals and the drive force inputted 
to said output shaft and to rotate by the leg- 
power and the drive force and not allowed to 
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rotate said crank pedals accompanied by its ro- 
tation; and 

a crank sensor (22) for detecting a rotational 
speed of said rotator; 

wherein the vehicle speed (V) is detected on 
the basis of the rotational speed of said rotator 
detected by said crank sensor. 

3. A motor-driven bicycle according to claim 1 , further 
including a rotation sensor (25) for detecting a ro- 
tational speed of said drive motor (M), wherein the 
vehicle speed (V) is detected on the basis of the 
rotational speed of said drive motor and a gear step 
of said gear shifter (19). 

4. A motor-driven bicycle according to claim 1 , further 
including a rotation sensor (25) for detecting a ro- 
tational speed of said drive motor (M), wherein the 
gear step of said gear shifter (1 9) is decided on the 
basis of the rotational speed of said drive motor and 
the vehicle speed. 

5. A motor-driven bicycle according to claim 1 , where- 
in said self-running determining means (20) has a 
mapping table (201 ) for giving a self-running power 
to be generated by said drive motor (M) , which pow- 
er corresponds to each gear step of said gear shift- 
er, with the operated amount of the self-running op- 
eration and the vehicle speed taken as parameters. 

6. A motor-driven bicycle, wherein said self-running 
power determining means (20) includes: 



9. A motor-driven bicycle according to claim 8, where- 
in when the braking operation is detected during 
running of the vehicle, said during-braking control 
means (210) allows said drive motor (M) to gener- 

5 ate a drive force being small enough to bring about 

a state in which no load is apparently applied to said 
drive motor. 

10. A motor-driven bicycle according to claim 8 or 9, 
10 wherein when the self-running operation is per- 
formed in a vehicle stoppage state in which the 
braking operation is performed: said during-braking 
control means (210) allows said drive motor to gen- 
erate a drive force corresponding to an amount of 

15 the self-running operation. 

11 . A motor-driven bicycle according to claim 9, where- 
in the drive force being small enough to bring about 
a state in which no load is apparently applied to said 

20 drive motor is a value allowing self-running at a 
walking speed or "0". 

12. A motor-driven bicycle according to claim 10, 
wherein when the self-running operation is per- 

25 formed from the vehicle stoppage state in which the 
braking operation is performed: said during-braking 
control means (210) gradually increases the self- 
running power generated by said drive motor up to 
a value corresponding to the amount of the self-run- 

30 ning operation. 



a mapping table (201) for giving a self-running 
power to be generated by said drive motor (M) 35 
with the operated amount of the self-running 
operation taken as parameters; and 
correcting means (208) for correcting the self- 
running power given by said mapping table 
(201 ) on the basis of the vehicle speed and a 40 
gear step of said gear shifter. 

7. A motor-driven bicycle according to claim 5 or 6, 
wherein the self-running power generated by said 
drive motor (M) is controlled by varying a duty ratio 45 
(Drefl ) of an AC exciting current to be supplied to 
said drive motor, and a duty ratio (Dref2) of the AC 
exciting current corresponding to a specific self-run- 
ning power is registered in said mapping table. 

50 

8. A motor-driven bicycle including a drive motor for 
generating a self-running power in response to an 
amount of a self-running operation by a driver, char- 
acterized in that 

said bicycle includes during-braking control 55 
means (210) for controlling the self-running power 
on the basis of a braking operation and a vehicle 
speed (V). 
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FIG. 3 
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FIG. 4 



(jrapid acceleration suppressing control 



< 



r s i a i 



AV> AVrefl? 



S182 



DM*- OM x (O. 9) kl 

{initial value of kl is ~1~J 

L_ 



r SI 83 



k1— k1 + 1 



r S1 84 



r 

set rapid acceleration 
suppressing flag Fl 
I 



< 



F1= 1 ? 




from s 2 1 



DM«— DM x (0. 9) 



k2 



5186 



[initial value of k2 is -5*1. 

I 



< 



I 



r 



S 1 87 



k2=Q? 



> 



N 



S 1 88 



k2— k2— 1 



± C 



SI 89 



Fl — O 

ZF 



C 



return 



5 



13 



BNSDOCID: <EP . 1129932A2J_> 



EP 1 129 932 A2 



FIG 



no change 




gear-shift control 

S201 



S201: 

i torque after gear-shift, 
decreased increased or decreased ? 




S208 



increased c^ono vehicle, speed V \ 

I C 9 ear -shift vehicleVL 



N / vehicle speed "V - \ speed Vch ? / 

fie N ' 



gear-shift vehic 
speed Vch ? / 



S203 



drive gear-shift actuator 



N 



r 



S209 



DM— DMx (O. 9) k4 
[initial value of 
k4 is "1*3 1 



S21 1 



drive gear-shift actuator 



r S21 2 



k4— 1 



S204 



DM— DMx (0. 9) k3 | 



S2 1 O 



k2<— k4H- 1 



(initial value of k3 is -5*] 

J 



1 

< k3=Q? > 



S205 



S207 



S206 



k3<— k3— 1 



k3— O 



c 



return 



14 



BNSDOCID: <EP_ 



,1129932A2_I_> 



» 



EP 1 129 932 A2 



FIG. 6 



^motor output^ limiting control 





^S23 1 


calculate motor output Pout 

* 




r S232 



<^ Pout> 


\n 

Proax? V— — 




Y ^S233 


1 Dll—Dmax 1 






< r S234 



< 



Tll> Tmax? 



> 





Y ^-8235 


DM— DMx (O. 5) k5 




[initial value of Jc5 






136 


k5— k5+ 1 















S237 



k5— 1 



c 



return 



FIG. 7 



second speed 
> — » < 




third speed 



Vch23 



15 



BNSDOCID: <EP 



1129932A2J > 



EP 1 129 932 A2 



FIG. 8 



VA VA 



first speed 




Vch12 



FIG . 9 



second speed 



first 



Vch12 




^va'va" 



second speed 



FIG. 10 



second speed 

Vch23 




third speed 



16 



BNSDOCID. <EP 1129932A2J_> 



a 



EP 1 129 932 A2 



3 



FIG. 11 



Vch12 



first speed 




second speed 



17 



BNSDOCID: <EP 1129932A2_L> 



EP1 129 932 A2 






u 


C 


o 


QJ 


W 


U 


c 


U 




3 




O 






c 
o 

■H 
H 

o 
a 

cn 

-H 
tJ 

o 
a> 

T3 
C 

c 
c 



03 

c 
-a 

I 

c 
o 
c 



C 

o 



c 
o 



J-l 

o 

Q> 

c 



T3 

a 
a) 

03 

id 
ci 
cn 



C4 



OJ 

o 

M 



18 



BNSDOCID: <EP. 



1129932A2_I_> 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




mill 



(11) 



EP 1 129 932 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

19.05.2004 Bulletin 2004/21 



(51) intciJ: B62M 23/02 



(43) Date of publication A2: 

05.09.2001 Bulletin 2001/36 

(21) Application number: 01103471.7 

(22) Date of filing: 14.02.2001 



(84) Designated Contracting States: 


(72) Inventor: Sakagami, Koji,c/o K.K. Honda Gijutsu 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Ken ky us ho 


MC NL PT SETR 


Wako-shi, Saitama (JP) 


Designated Extension States: 




AL LT LV MK RO SI 


(74) Representative: Liska, Horst, Dr.-lng. etal 




Weickmann & Weickmann 


(30) Priority: 01.03.2000 JP 2000055085 


Patentanwalte 


Postfach 86 08 20 


(71) Applicant: Honda Giken Kogyo Kabushiki Kaisha 


81635 Munchen (DE) 


Minato-ku, Tokyo (JP) 





(54) Motor-driven bicycle 



(57) The invention provides a motor-driven bicycle 
including an automatic gear shifter, which is capable of 
improving a shift feeling upon gear-shift and controlling 
a self-running power of a drive motor determined on the 
basis of an amount of a self-running operation by a driv- 
er as a function of a braking state and a vehicle speed. 
To achieve this, a motor-driven bicycle includes a drive 
motor M for generating a self-running power in response 
to a self -running operation by a driver, a gear shifter con- 
nected between the drive motor M and a drive wheel, 
and means for detecting a vehicle speed. This motor- 



driven bicycle further includes a self-running reference 
duty ratio map 201 for determining a self-running power 
to be generated by the drive motor M, that is, a duty ratio 
of an AC exciting current to be supplied to the drive mo- 
tor M on the basis of an operated amount of.a self-run- 
ning operation by a driver, a gear step of the gear shifter, 
and a vehicle speed. In the self-running reference duty 
ratio map 201 , a reference duty ratio Dref I of a drive cur- 
rent to be supplied to the drive motor M at the time of 
self-running is previously registered as a function of a 
throttle angle 6 th detected by a throttle opening sensor 
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1. Claims: 1-7 

A motor-driven bicycle including a drive motor (M) , a gear 
shifter (19) connected between said drive motor (M) and a 
drive wheel (31) , and means for detecting a vehicle speed, 
whereby aid motor-driven bicycle further includes 
self-running power determining means (20) for determining a 
self -running power of said drive motor on the basis of 

an operated amount of the self -running operation, 
a gear step of said gear-shifter, 
and a vehicle speed (V). 



2. Claims: 8-12 

A motor-driven bicycle including a drive motor (M) whereby 
said bicycle includes during-braking control means (210) for 
controlling the self -running power of the drive motor (M) on 
the basis of 

a braking operation and 
a vehicle speed (V) - 
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